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Resumo

Este estudo analisa como as diferentes dimensões dos estados de saúde definidas pelo instrumento EQ-5D-3L afetam, em média, as preferências dos indivíduos por estados de saúde. Essa análise é importante para balizar a incorporação de tecnologias em saúde uma vez que viabiliza considerar as preferências da população brasileira na decisão de alocação de recursos em saúde. O EQ-5D-3L define a saúde em cinco dimensões (mobilidade, atividades habituais, auto-cuidado, dor/desconforto e ansiedade/depressão) contendo três níveis de severidade. Os dados são provenientes de uma pesquisa inédita no Brasil que entrevistou 3.362 pessoas com idade entre 18 e 64 anos vivendo em áreas urbanas de Minas Gerais. Os principais resultados mostram que o decremento na utilidade dos indivíduos é crescente com o nível de severidade. No que se refere às dimensões de saúde, a mobilidade se destaca como a mais importante. Independentemente dos níveis de severidade das demais dimensões do EQ-5D, os maiores decrementos nas utilidades estão associados ao problema de mobilidade severa.
Introduction
The main purpose of the health technology assessment (HTA) is to assist health policymakers in implementing more cost-effective technologies in order to allocate resources efficiently. HTA is an important tool in the analysis of the use of technologies at macro and micro levels. At the macro-level, HTA assists policymakers in formulating public health policies while at the micro-level it is mainly used to support the development of clinical practice guidelines and to assist physicians in efficiently combining individual technologies 1, 2 . Even though new health technologies contribute to improve population health, their uncritical use increases health expenditures and may have strong budget impacts. Ultimately this impact can threaten the access to health care services especially among low income groups 3, 4, 5, 6, 7, 8 . The incorporation process of technologies in the healthcare sector presents peculiar characteristics. Firstly, it is quite dynamic and in general is supplier-induced demand. Because physicians usually have more diagnostic and prognostic information about patient conditions, information asymmetry performs an important role in this process. Secondly, unlike other markets, health technologies are barely substitutive. They tend to be accumulative which widen the technological alternatives in this sector. Thirdly, individuals will always demand more care even if there is no clinical evidence about its efficacy. When individuals are sick, the more care they get the better 9, 10 .
The United States was one of the first countries to formally recognize the importance of HTA with the creation of the Office of Technology Assessment in 1973 by the US Congress. Despite the pioneering efforts of the US, the growth of HTA occurred at the beginning of the 1980s, mainly in European countries. This movement was stronger in countries with organized public healthcare systems such as Sweden, the Netherlands and the United Kingdom. Currently, Australia, Canada and the UK are at the forefront in the use of HTA in order to make decisions about incorporation or discharges of technologies in the healthcare sector 11, 12, 13, 14, 15 .
In Brazil, the demand for new health technologies is also growing mainly due to the aging process and changes in the epidemiological profile 16, 17, 18 . The incorporation of new health technologies depends on the institutional design of healthcare. In the Brazilian healthcare system, the private and public sectors are involved in both the funding and the delivery of health care services. The Brazilian Unified National Health System (SUS) was created by the Brazilian Federal Constitution in 1988. The main principles of the SUS are universality, comprehensiveness and free of charge access. Therefore, in the public healthcare system, health is everyone's right and is the duty of the government. In the private sector, there are two sources of financing: out-ofpocket payments and health insurance 19 .
This institutional design imposes additional challenges for Brazilian policymakers. The incorporation process of new technologies is not centralized and the current regulation is limited to the services financed by SUS. In fact, the incorporation of new technologies tends to be endogenous. In this scenario, the economic rationality of the private sector can weaken the supremacy of the State in defining criteria for the incorporation of health technologies. As a result, loss of efficiency in resource allocation is often observed. Besides the issues involving efficiency, this institutional design generates asymmetries in the access to healthcare especially among individuals who have private health insurance coverage. The double access to the healthcare system among wealthier individuals may contribute to increase inequalities in the utilization of health services.
In this context, HTA is an important tool for ensuring the efficiency of the policy-making processes concerning the use of technology and financial sustainability of the healthcare system. The main methods used in this type of economic evaluation are: (1) cost-benefit, (2) cost-effectiveness and (3) cost-utility analysis. The main difference among the types of economic evaluation is the nature of the consequences stemming from the different alternatives that affect their measurement, valuation and comparison to costs. In cost-benefit analysis, health outcomes are expressed in monetary terms. In costeffectiveness analysis benefits are measured in natural health units such as number of life-years saved and number of hospitalizations avoided. In cost-utility analysis the incremental cost of an intervention is compared to incremental health improvements 8, 12, 20, 21, 22, 23 . Health outcomes are measured by a combination of mortality (alternatively length of life) and health-related quality of life measures. A usual approach to perform cost-utility analysis is the estimation of quality adjusted life years (QALY).
The use of QALYs requires the definition of societal preference weights for different health states 24, 25 . There are several health-state classification systems that can be used in the construction of QALYs as for example Health Utility Index (HUI), Short-Form 36 Items (SF-36), Short-Form 6 Dimension (SF-6D) and EuroQol-5 Dimensions (EQ-5D). The difference among them is the number and type of health dimensions and levels of severity that each classification system takes into account 26, 27, 28, 29, 30, 31, 32 . EQ-5D is probably the most widely used generic measure of health status in measuring benefits for economic evaluation. Besides, this instrument is recommended by the National Institute for Health and Clinical Excellence (NICE) which is responsible to develop evidence-based guidelines on the most effective health technologies for the National Health Services (NHS) in the UK 33 . The EQ-5D instrument defines health in terms of five dimensions (mobility, daily activities, self-care activities, pain/discomfort, and anxiety/depression) divided into three (EQ-5D-3L) or five (EQ-5D-5L) levels of severity. In this paper the EQ-5D-3L version is used that considers the following categories of severity: no problem, moderate problem and severe problem. The combination of dimension and level of severity generates a total of 243 distinct health states 26, 29, 30, 34, 35, 36, 37, 38 . EQ-5D-5L is a very recent instrument and its use is not widespread among countries making it difficult to compare internationally. In Brazil this study is the first attempt to estimate societal preference weights using EQ-5D. In this sense it is desirable to use the best known instrument. Besides, only recently studies validating the use of EQ-5D-5L have been published 39 .
The aim of this paper is to evaluate the effect of different EQ-5D health dimensions on individual health states valuation in Brazil. Which health dimension is more important for Brazilian health-related quality of life? This analysis is an important benchmark for the decision-makers in performing HTA. Health technologies usually improve health but it can have side effects that result in undesirable health states for society. Thus, the knowledge of health dimensions that generate the highest welfare gains can assist policy-makers when deciding about the implementation of new technologies.
Method
In Brazil, there are two studies that estimated societal preferences for the population. The first was conducted in the city of Porto Alegre in Rio Grande do Sul State and used the SF-6D instrument 28 . The valuation parameters were obtained using the standard gamble (SG) technique. Recently, a larger research was conducted in Minas Gerais State in order to estimate societal preferences weights for EQ-5D health states 40 . Weights were derived by applying the time trade-off (TTO) elicitation method to a subset of 102 EQ-5D health states. The advantage of TTO over SG is that TTO is easier to be applied and can be more readily understood. As Brazilian society is still marked by high socioeconomic heterogeneity and low education levels, TTO may have a better performance in evaluating health preferences. A more complex technique can introduce bias due to the difficulty faced by individuals in trying to understand the exercise.
The present paper will take advantage of this new database that provides information about individual preferences for EQ-5D health states in Minas Gerais 40 41 . Due to its great diversity Minas Gerais is considered to be representative of Brazilian heterogeneity.
The EQ-5D descriptive classification defines a total of 243 distinct health states each of which is labeled with a unique five digit code. For example 11111 represents the full health state defined as having no problems in any dimension while 33333 represents the worst health state with extreme problems on all five dimensions. The EQ-5D Brazilian language version was culturally adapted and provided by the EuroQoL Group. The interview protocol followed a revised version 42 of the original Measurement and Value of Health (MVH) study 43 . This protocol has already been applied in deriving French population values for EQ-5D 34 and in a Korean valuation study 37 . The Minas Gerais EQ-5D study 40 was designed so as to obtain values for 102 health states selected from the complete set of 243 states covering three broad severity categories defined by their proximity to the best possible health state. Mild states contain no level 3 problem on any dimension; severe states contain no level 1 problem on any dimension; moderate states lie within these two boundaries. These states were grouped into 26 blocks, with six health states in each comprising two mild, two moderate, and two severe states. Each individual evaluated one block of health states together with the logically best and worst health states (states 11111 and 33333 respectively) and the state "dead" -a total of nine states. Health state descriptions were presented on printed set of cards which were handed to the participant.
Individuals were first asked to describe their own health in terms of the EQ-5D classification system and to rate it using a Visual Analogue Scale (VAS) with endpoints of 0 and 100 corresponding to the worst and best imaginable health states. They were then asked to rank order the set of nine printed cards containing the health state descriptions from the best to worst. The cards were then shuffled and individuals were asked to rate them on the same 0-100 VAS used to rate their own health. Respondents were instructed that each health state would last for 10 years followed by death. These exercises were performed before TTO in order to familiarize individuals with the description of health states.
The TTO elicitation protocol has been fully described elsewhere 43 . It essentially involves presenting participants with choices between two alternatives that comprise varying levels of quantity and quality of life. Health states can be evaluated as either better or worse than death. A double-sided time board is used with one side for health states considered better than dead and the other side for health states worse than dead. For states evaluated better than dead individuals establish the number of years (x < 10) in full health that provides them the same expected utility level as living ten years experiencing some specific health condition. The TTO value (V) is obtained dividing the length of time in full health by ten . For states considered to be worse than dead individuals compare death with a choice that gives them 10-x years in some specific health state followed by x years (x < 10) in full health. In this case the TTO value is given by . Indifference points in the TTO protocol were effectively established in terms of six month increments yielding a range of values from -19 to 1. In order to treat the asymmetric distribution of negative values, a monotonic transformation , if V < 0 was performed so as to alter the range of values to be -1 to 1 44 .
Study design
The target population was literate individuals aged between 18 and 64 years living in urban areas of Minas Gerais. A sample-size definition was based on the 2010 Brazilian Demographic Census (http://www.ibge.gov.br) with a margin of error equal to 3%. In total, 3,362 individuals were recruited. The sample is representative by age and sex for the whole state and for three different regional levels of Minas Gerais: Belo Horizonte, metropolitan and non-metropolitan area. The sample was spatially distributed in order to take into account all macroregions of Minas Gerais and all planning areas of Belo Horizonte. Face-toface interviews were conducted in households in which one individual was selected. Sociodemographic information was recorded on all participants. Economic incentives were not offered to interviewees. All health states were evaluated by more than 100 individuals as recommended by Chuang & Kind 45 .
Modeling
Regression analysis was used to analyze the effect of health dimensions on individual EQ-5D health states valuation and to estimate the 243 EQ-5D health states. It should be noted that the states 11111 and dead are defined by virtue of the TTO procedure as having values of 1 and zero respectively. No inconsistent respondent data were excluded in the analysis. The choice of random effect model was based on the results of two tests, Hausman and Breush-Pagan tests 46 . Both mean absolute error (MAE) and the number of health states with absolute residuals over 0.05 were computed to as goodness of fit statistics. Statistical analyses were conducted using Stata 11.0 (Stata Corp., College Station, USA).
Dependent variable of all models was defined as 1 minus transformed TTO response (1-Vt). In order to evaluate which dimension and level of severity affect more the individual's health valuation, a set of 10 dummy variables for each level of severity and health dimensions were defined as follows: MO2 is equal to 1 if the mobility dimension is on level 2; MO3 is equal to 1 if the mobility dimension is on level 3; SC2 is equal to 1 if the self-care dimension is on level 2; SC3 is equal to 1 if the self-care dimension is on level 3; UA2 is equal to 1 if the daily activities dimension is on level 2; UA3 is equal to 1 if the daily activities dimension is on level 3; PD2 is equal to 1 if the pain/discomfort dimension is on level 2; PD3 is equal to 1 if the pain/discomfort dimension is on level 3; AD2 is equal to 1 if the anxiety/depression dimension is on level 2 and AD3 is equal to 1 if the anxiety/depression dimension is on level 3.
Other models including interaction terms were also tested: N2 is equal to 1 if any dimension is on level 2; N3 is equal to 1 if any dimension is on level 3; C3sq is equal to the square of the number of dimensions at level 3 and X5 is equal to 1 if five dimensions are on level 2 or 3.
Results
Sample characteristics
The socio-demographic and health characteristics of the achieved sample are displayed in Table  1 . The sample is composed of literate individuals aged between 18 and 64 living in urban areas of Minas Gerais.
Sample weights were used to perform the frequency analysis. As the present study was based on quota sampling by age and sex, the distribution of these attributes is quite similar to the official surveys 40 . Around 45% of interviewed individuals have more than 11 years of schooling and 30% have less than 4 years. Distribution of health attributes are also similar to the results found elsewhere for the state of Minas Gerais 47 .
This study is the first opportunity to analyze health conditions of a Brazilian population based on the EQ-5D descriptive system. The majority of individuals reported no problem in the five health dimensions: more than 90% of individuals do not have difficulties in performing self-care, daily activities, or any mobility problems; more than 55% do not have any pain/discomfort or anxiety/depression. The prevalence of moderate problems is higher for two dimensions -pain/discomfort (38%) and anxiety/depression (30%). Despite the low prevalence, it is noticed that around 9% of individuals reported moderate problems in mobility and performing daily activities. Severe problems in all dimensions are less prevalent (lower than 5%) in this population.
Among the investigated chronic diseases, hypertension is the most prevalent condition in this population (25%) followed by spinal disease (18%). Only 5% of individuals reported having suffered from diabetes.
Descriptive analysis of observed TTO values for directly evaluated EQ-5D health states
The study sample comprised 3,362 individuals of whom 177 respondents evaluated fewer than seven states in the TTO exercise and two individuals had all health states with missing values. In the majority of cases, these missing values were due to mistakes made by the interviewers such as the repetition of cards or errors in recording the board marker. These individuals were included in the data analysis but their non-valid responses were omitted. the sample from which 34 presented non-valid information comprising 3,328 evaluations. Non-transformed TTO values show an asymmetric distribution: the mean values range from 0.866 to -2.450 and the minimum can be equal to -19. Therefore, while the values for betterthan-death states vary from 0 to 1, the range for worse-than-death states is wider. To deal with this asymmetric distribution, worse-than-death states were transformed so as to be bounded by 0 and -1. Overall, seven cards are given negative mean values indicating states worse than dead: 33333, 32333, 33322, 33233, 33323, 32332 and 32323. The SD of transformed TTO values increases with the severity of the health state indicating greater heterogeneity in individual scores in poorer health states. Table 3 displays the mean TTO health evaluation by each EQ-5D health dimension and level of severity for the whole sample and disaggregating by individual current health states. An individual health state is measured by the EQ-5D descriptive system and self-reported general health. The last indicator originally comprises five response categories that were re-classified into three groups: (1) very good/good, (2) fair and (3) bad and very bad. For example, the first cell shows the average TTO evaluation (0.708) given by individuals with very good/good health to health states with mild mobility problems. It refers to the average TTO value of all health states with 1 in the mobility dimension independently of the severity level observed for the other health dimensions. As expected, the mean TTO values decrease by increasing the level of severity for all dimensions. When the whole sample is taken into account, the results emphasize the importance of mobility dimension to the health valuation. On the one hand health states presenting severe mobility problems (being confined in bed) are the only conditions for which the TTO mean value is negative (-0.40). On the other hand health states without any mobility problems are given the highest weight (0.703) amongst all EQ-5D health dimensions/level of severity.
Among individuals without any problem or with moderate problems in either dimension, the results are similar to those found for the whole sample: health states with severe mobility problems are given the lowest mean TTO values while health states without mobility problems are better evaluated. The lowest mean TTO value for severe mobility problems is given by individuals experiencing moderate anxiety/depression (-0.069) whereas the highest value is given by individuals with moderate mobility problems (0.023). The analysis for individuals with severe problems is more difficult since a small amount of individuals are classified in this health category across all dimensions.
In general, individuals reporting bad or very bad health tend to give a lower evaluation to all health dimensions/level of severity. For health states with severe and moderate problems, the highest mean TTO valuations are given by individuals with fair self-reported health. Table 4 displays the results for random effect models. As the Hausman test was not significant (probability > χ 2 = 0.2453), the null hypothesis was not rejected and the random effect model can be safely accepted. The Breush-Pagan test rejects the null hypothesis of homoscedasticity (χ 2 p < 0.001). The presence of heteroscedasticity favours the use of random effect models.
Effect of health dimension and level of severity on EQ-5D health states valuation
Five different specifications of random effect models were tested. The most parsimonious model (model 1) is based on main effects and includes only dummy variables for each health dimension and level of severity. More complex forms of the models (model 2 to model 5) include additional dummy variables to take into account the interaction effect of any dimension with moderate or extreme problems. All these models displayed similar results to the initial main effects specification with virtually identical goodness-of-fit statistics and the same number of states with a MAE exceeding 0.05. Because the results were very similar among the models, the basic specification including only dummy variables for each health dimension and level of severity was selected. Besides some of interaction models presented inconsistencies: the N2 and N3 terms were negative. All dummy coefficients are positive and significant at the 1% level. Since a dependent variable is defined as one minus the TTO value, coefficients are interpreted as a utility decrement relative to the perfect EQ-5D health state (11111). The constant is considered as an overall decrement independently of the health dimension and level of severity. In that way, health utility AD: anxiety/depression dimension; MO: mobility dimension; PD: pain/discomfort dimension; SC: self-care dimension; UA: usual activities dimension. Table 4 Results of random effect models estimated for linear-transformed time trade-off (TTO). decreases by 5.4% due to any deviation from the perfect health state. The coefficients behave as expected showing a monotonic increase in value decrement with increasing severity for all health dimensions. The largest decrement is observed for severe mobility problems, which is around 40%. Being confined in bed considerably decreases an individual's well-being. For three health dimensions (self-care, daily activities and pain/discomfort), the fact of having experienced severe problems decreases health utility by an amount of 20-25%. For severe anxiety/depression, the decrease is lower at around 11%. As for moderate problems, the utility decreases are around 12% for two dimensions (mobility and self-care) and 9% for daily activities. In case of pain/discomfort and anxiety/depression, having experienced moderate problems decreases utility by only 6%. The full set of preference weights for the 243 EQ-5D health states estimated using the most parsimonious specification is given in Table 5 . The results of estimated health parameters reflect the high decreases in utility due to mobility problems. All the eleven worse-than-death health states present severe mobility problem in their composition. Twenty health states with the lowest mean estimated TTO values are characterized by the presence of this condition. This number more than doubles (to 46) when moderate mobility problem is also taken into account. Among the 95 health states with the highest TTO mean values only one presents severe mobility problem but it is compensated by the absence of moderate/severe problems in the other dimensions.
Variables
Discussion
This paper analyzes the Brazilian societal preferences for EQ-5D health states. The objective is to evaluate which health dimensions and level of severity matter more to the Brazilian population. The main results reveal that the decrement in health utility increase with severity level. Regarding health dimension, mobility stands out as the most important EQ-5D dimension.
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Cad. Saúde Pública, Rio de Janeiro, 29 Sup:S59-S72, 2013 Table 5 Estimated mean preference weights for 24 3EQ-5D questionnaire health states based on the random effect model (main effects model). Independently of severity levels of the other EQ-5D dimensions, the highest decrements in utilities are associated to severe mobility problems at around 40%. On the other hand, the highest TTO mean values are given to health states without any mobility problem. These results are also verified when the analysis is disaggregated by current individual health condition pointing out that health preferences do not depend on a disabling illness previously experienced by individuals. The comparison with other countries valuation can give some clues as to whether these results are specific to the Brazilian population. In South America, only Argentina and Chile have thus far derived a set of social preference weights for use with EQ-5D 26, 38 . In Chile, unlike Brazil, decreases in health utility are associated with level of severity independently of the EQ-5D health dimension. The decrements are around 30-35% for all dimensions except anxiety/depression where the decrease is around 25%. In Argentina, individuals tend to assign higher importance to three dimensions: mobility, self-care and pain/ discomfort. In this country, utility decrements are higher to health conditions presenting severe problems in mobility followed by the other two aforementioned dimensions.
EQ-5D
The understanding of societal preferences for health states is important especially taking into account the aging population process that Brazil has experienced. Some studies on longevity and health have shown that gains in life expectancy are not accompanied by an extension of life expectancy free of disabilities. In fact, gains in longevity have increased the number of years of life experiencing some chronic diseases or disabilities 48 . The results of the present paper reinforce the debate about the uncritical use of new health technologies that only affect the extension of life. New health technologies increase the survival of individuals but at the same time can have negative effects on wellbeing by increasing the prevalence of morbidities. Our results give evidences that health preferences of the Brazilian population are strongly affected by the prevalence of severe health problems in especial mobility conditions. In Brazil, HTA has been a concern since the 1980s with important government initiatives being introduced since 2004 with the creation of the Department of Science and Technology (DECIT) at the Brazilian Ministry of Health 49 . DECIT is responsible for formulating and promoting a health technology assessment for the SUS. In 2008, the Brazilian Network for HTA (REBRATS) was created to subsidize the government in formulating HTA regulation and producing HTA research in Brazil. More recently, in 2011, the National Committee for Incorporation of Technologies in SUS (CONITEC) was founded under Federal Law n. 12,401/11. All new technologies that will be supplied in the public healthcare system must be evaluated by CONITEC. This is a great advancement for Brazilian legislation since cost-effectiveness parameters are now taken into account to determine the incorporation of new technologies. One challenge for this Committee is to consider the HTA health outcomes that take into account quality of life measures. The gains in longevity are not a guarantee to improve an individual's wellbeing.
It is important to notice that the sample of this study includes only individuals aged less than 64 years old and living in urban areas of Minas Gerais. As the prevalence of severe health problems is high among the elderly population, the exclusion of this age group can generate biased results. However the direction of the bias is not conclusive. The experience with severe health problems may affect individual evaluations in both directions. On the one hand, individuals with some severe health problems may be more adapted to their conditions and hence give higher scores to severe health states in the TTO exercise. On the other hand as these individuals know better about the difficulties of living with restrictions, their scores may be lower.
The Minas Gerais EQ-5D study takes several steps forward from the design of the original MVH protocol. First, to the best of our knowledge this is only the second occasion that a larger number of health states (102) were directly investigated in a household survey using the TTO exercise. Secondly, it is the first time that only nine health states are evaluated per individual. This innovation makes the evaluation exercise less demanding and individuals will be more likely to give responses that are not subject to fatigue or loss of attention. Finally, a large sample is investigated in a very heterogeneous population with representativeness for three different geographical areas. Hence, this study design allows the investigation of individual heterogeneity and differences among subgroups of the population in evaluating the health status using identical valuation procedures. Contributors M. V. Andrade coordinated the data collection; interpreted the data, carried out statistical analysis and drafted the manuscript. K. V. M. S. Noronha co-coordinated the data collection; interpreted data, carried out statistical analysis, drafted and provided critical revision for the manuscript. A. C. Maia and P. Kind contributed to the overall study conception, interpretation of data and the critical revision of the manuscript.
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